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7KH WREDFFR EXGZRUP Heliothis virescens
)DEULFLXV LV RQH RI WKH PRVW GDPDJLQJ SHVWV RI
FRWWRQ LQ 1RUWK $PHULFD DQG LV FDSDEOH RI
GHYHORSLQJ UHVLVWDQFH WR FKHPLFDO LQVHFWLFLGHV
/XWWUHOO HW DO  6SDUNV HW DO  +DUGHH HW DO
 7HUDQ9DUJDV HW DO  ,Q RUGHU WR GHWHFW
FKDQJHV LQ WKLV LQVHFW¶V VXVFHSWLELOLW\ WR
LQVHFWLFLGHV ILHOGFROOHFWHG VDPSOHV DUH FRPPRQO\
PDLQWDLQHG XQGHU ODERUDWRU\ FRQGLWLRQV DQG WKHLU
RIIVSULQJ DUH WHVWHG 7KH 8 6 'HSDUWPHQW RI
$JULFXOWXUH 86'$$JULFXOWXUDO 5HVHDUFK 6HUYLFH
$56 LQ 6WRQHYLOOH 0LVVLVVLSSL UHFHLYHV IURP WKH
1RUWK $PHULFD &RWWRQ %HOW ILHOG VDPSOHV RI H.
virescens PDOH PRWKV FDSWXUHG LQ SKHURPRQH WUDSV
WR WHVW WKH UHVSRQVH RI ) DQG ) JHQHUDWLRQV WR
Bacillus thuringiensis %HUOLQHU SURWHLQV %ODQFR
HW DO  7KLV PHWKRG RI FROOHFWLQJ WREDFFR
EXGZRUP ZDV DQ HDV\ DQG ORJLVWLFDOO\ IHDVLEOH ZD\
RI REWDLQLQJ D ODUJH QXPEHU RI PRWKV 6LQFH 
LW KDV EHFRPH LQFUHDVLQJO\ GLIILFXOW WR FROOHFW WKHVH
PRWKV LQ SKHURPRQH WUDSV IURP FRWWRQ UHJLRQV
3DUDMXOHH HW DO  %ODQFR HW DO 
7KHUHIRUH LW LV YHU\ LPSRUWDQW WR LPSURYH PHWKRGV
WR DFKLHYH WKH EHVW JHQHWLF UHSUHVHQWDWLRQ RI WKHVH
ILHOGFROOHFWHGPDOHV
'HYHORSPHQW RI RSWLPDO PDWLQJ FRQGLWLRQV FDQ
HQVXUH WKH JUHDWHVW JHQHWLF UHSUHVHQWDWLRQ DQG WKLV
FDQ EH DVVHVVHG E\ HYDOXDWLQJ WKH FRSXODWLRQ
IUHTXHQF\ RI PRWKV 'LVVHFWLQJ D IHPDOH PRWK¶V
EXUVD FRSXODWUL[ DIWHU LW KDV EHHQ H[SRVHG WR PDOHV
IRU D IL[HG SHULRG RI WLPH LV D ZD\ RI REWDLQLQJ
FRSXODWLRQ IUHTXHQF\ +HQQHEHUU\ DQG &OD\WRQ
 +RZHYHU GXH WR WKH SRO\DQGURXV KDELWV RI
H. virescens /D0XQ\RQ  D IHPDOH EXUVD
FRSXODWUL[ FDQ FRQWDLQ VSHUP EXQGOHV
VSHUPDWRSKRUHV IURP PRUH WKDQ RQH PDOH ,W KDV
EHHQ REVHUYHG WKDW ODERUDWRU\UHDUHG IHPDOHV PDVV
PDWHG ZLWK ILHOGFROOHFWHG PDOHV DFTXLUH DQ DYHUDJH
RI  VSHUPDWRSKRUHV SHU QLJKW %ODQFR HW DO ,Q
3UHVV 7KH JHQHWLF FRQWULEXWLRQ RI HDFK RI WKHVH
PDOHV XQGHU RXU PDVV PDWLQJ FRQGLWLRQV FDQ EH
SDUWLDOO\ DVVHVVHG E\ HLWKHU LQFOXGLQJ D NQRZQ
SURSRUWLRQ RI PDUNHG PDOHV WKDW KDYLQJ WKH VDPH
RSSRUWXQLW\ WR FRSXODWH DV WKRVH XQPDUNHG PDOHV
FDQ SRWHQWLDOO\ SURGXFH WKH VDPH SURSRUWLRQ RI
PDUNHG VSHUPDWRSKRUHV RU E\ DOWHUQDWLYH GHWDLOHG
JHQHWLFVWXGLHV
'LIIHUHQW WHFKQLTXHV KDYH EHHQ XVHG WR PDUN H.
virescens )RU H[DPSOH LQ RUGHU WR VWXG\ PLJUDWLRQ
KDELWV 5DPDVZDP\ et al  XWLOL]HG H[WHUQDO
IOXRUHVFHQW PDUNHUV DSSOLHG WR PRWKV DQG LQWHUQDO
PDUNHUV &DOFR RLO UHG IHG WR ODUYDH %HOO 
WUHDWHG SODQWV LQ WKH ILHOG ZLWK WKH VDPH SXUSRVH
XWLOL]LQJ 5HG &DOFR DQG ILQGLQJ  RI WKH PRWKV
LQWHUQDOO\ PDUNHG 6WDGHOEDFKHU  REWDLQHG D
KLJKHU SURSRUWLRQ RI VWDLQHG PRWKV  ZLWK
HLWKHU UXELGLXP RU VWURQWLXP FKORULGH IHHGLQJ
ODUYDH RQ PDUNHUV +HQGULFNV DQG *UDKDP 
IHG ODUYDH ZLWK D UDQJH RI SLJPHQWV REWDLQLQJ
PDUNHG VSHUPDWKRSKRUHV KRZHYHU WKLV DSSURDFK
ZDV QRW XVHIXO IRU PDUNLQJ WKHVH VH[XDO VWUXFWXUHV
E\IHHGLQJPRWKV
7KH PDLQ REMHFWLYH RI WKLV VWXG\ ZDV WR WHVW WKH
SRWHQWLDO RI UKRGDPLQH % IRU PDUNLQJ PDOH H.
virescens PRWKV GXULQJ IUHH IHHGLQJ ,V ZDV DOVR RI
LQWHUHVW WR ILQG RXW LI WKHUH ZHUH DQ\ DGYHUVH HIIHFWV
RQ WKH UHSURGXFWLYH FDSDFLW\ RI WKH LQVHFWV DQG WKH
GXUDELOLW\ RI WKH G\H LQ PRWK ERGLHV 5KRGDPLQH %
LV D KLVWRORJLFDO VWDLQ WKDW KDV SURYHQ XVHIXO IRU
PDUNLQJ LQVHFWV IRU H[DPSOH -RQHV et al 
XWLOL]HG LW DV D VSUD\ WR PDUN Heliocoverpa zea
PRWKV H[WHUQDOO\ DQG 6SDUNV DQG &KHDWKDP 
LQMHFWHG DQG IHG UKRGDPLQH % LQWR  Manduca
sexta 7KLV VWXG\ UHSRUWV PRGLILFDWLRQV IRU HDV\
VHOIIHHGLQJ TXLFN DQG UHOLDEOH LQFRUSRUDWLRQ RI
UKRGDPLQH % LQWR H. virescens ERGLHV DQG
VSHUPDWRSKRUHV WR IDFLOLWDWH VWXGLHV RQ WKH JHQHWLF
FRQWULEXWLRQ RI PDOH PRWKV XQGHU PDVVPDWLQJ
FRQGLWLRQV
Materials and Methods
0DOH H. virescens PRWKV  K ROG IURP WKH
86'$ $56 FRORQ\ DW 6WRQHYLOOH 0LVVLVVLSSL ZHUH
IHG RQH RI WKH IROORZLQJ VROXWLRQV WUHDWPHQWV 
ZDWHU   Y  Y VXFURVH VROXWLRQ DQG  
UKRGDPLQH % 6LJPD $OGULFK  G\H FRQWHQW
GLVVROYHG LQ D  VXFURVH VROXWLRQ 0RWKV KDG IUHH
DFFHVV WR D VROXWLRQ WKRXJK D VSRQJH  [  [  FP
KROGLQJ DERXW  PO UHZHWWHG GDLO\ SODFHG RQ WRS
RI FKHHVH FORWK LQ WKH XSSHU SDUW RI FDUWRQ
FRQWDLQHUV 1HSWXQH KDOIJDOORQ > /@
ZD[HGFDUWRQ >FP GLDPHWHU FP KHLJKW@
&RQWDLQHUV ZLWK PRWKV ZHUH PDLQWDLQHG LQ DQ
LQFXEDWRU VHW DW  &    5+ DQG  K
/'IRUDIL[HGQXPEHURIGD\V
Experiment 1. 7R REWDLQ LQIRUPDWLRQ RQ WKH
PLQLPXP QXPEHU RI GD\V QHFHVVDU\ WR PDUN
VSHUPDWRSKRUHV DQG WKH SRWHQWLDO GHWULPHQWDO
ELRORJLFDO HIIHFW WKDW IHHGLQJ RQ UKRGDPLQH PLJKW
KDYH KDG RQ PDWLQJ IUHTXHQF\ DQG IHUWLOLW\ WKH
IROORZLQJH[SHULPHQWZDVFRQGXFWHG
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IHG VXFURVH RU UKRGDPLQH VROXWLRQV IRU RQH WZR RU
WKUHH GD\V $IWHU D VSHFLILHG QXPEHU RI
IHHGLQJGD\V    PDOHV ZHUH WUDQVIHUUHG WR D 
/ FDUWRQ FRQWDLQHU 1HSWXQH JDOORQ ZD[HGFDUWRQ
>FP GLDPHWHU@ ZKHUH WKH\ ZHUH PDVVPDWHG
ZLWK XQIHG K ROG IHPDOHV DW D  ᥜᥞUDWLR
 SHU VH[ GHQVLW\ GHSHQGLQJ RQ PDOH PRUWDOLW\
GXULQJ IHHGLQJ 0RWKV ZHUH OHIW WR FRSXODWH IRU  RU
 GD\V LQ DQ LQFXEDWRU XQGHU WKH FRQGLWLRQV
GHVFULEHG DERYH /LYH IHPDOHV DIWHU WKH FRSXODWLRQ
SHULRG ZHUH GLYLGHG LQWR WZR JURXSV D KDOI RI WKH
IHPDOHV ZHUH WUDQVIHUUHG LQGLYLGXDOO\ LQWR  /
SLQWVL]H FRQWDLQHUV 1HSWXQH ZD[HGFDUWRQ
>FP GLDPHWHU@ ZLWK  P/ RI VXFURVH VROXWLRQ
LQ D P/ SODVWLF FXS ZLWK D .LPZLSH WLVVXH
VWXIIHG LQWR WKH FXS WR SUHYHQW PRWKV IURP
GURZQLQJ $ SLHFH RI FKHHVH FORWK FRYHUHG WKH
FRQWDLQHU (JJV ZHUH DOORZHG WR DFFXPXODWH IRU 
GD\V RQ WKH FKHHVH FORWK DQG ZHUH WKHQ FRXQWHG
)HUWLOL]HG HJJV GDUN HJJV WR ODUYDO KDWFKLQJ ZHUH
UHFRUGHGWZRGD\VODWHU
7KH RWKHU KDOI RI WKH VXUYLYLQJ IHPDOHV E ZHUH
LPPHGLDWHO\ IUR]HQ DQG GLVVHFWHG WR H[WUDFW DQG
FRXQW VSHUPDWRSKRUHV IURP WKHLU EXUVD FRSXODWUL[
7KHVH PDOH VH[XDO VWUXFWXUHV ZHUH H[DPLQHG RQ D
IOXRUHVFHQW PLFURVFRSH =HLVV $[LRVFRS 
SURYLVLRQHG ZLWK DQ LOOXPLQDWRU =HLVV 1 +%2
 DQG D UKRGDPLQH ILOWHU DEVRUSWLRQ 
QPHPLVVLRQ  QP VHH ,OOXVWUDWLRQ  7KLV
ILOWHU RSWLPL]HG YLVXDOL]DWLRQ RI UKRGDPLQHWUHDWHG
SRVLWLYH UHVROXWLRQ FRPSDUHG ZLWK XQWUHDWHG
QHJDWLYH UHVROXWLRQ VSHUPDWRSKRUHV WKDW DUH
YLUWXDOO\ LQYLVLEOH WR WKLV OLJKW ,PDJHV RI SRVLWLYH
DQG QHJDWLYH UHVROXWLRQ ZHUH HOHFWURQLFDOO\
FDSWXUHG XWLOL]LQJ WKH =HLVV $[LR9LVLRQ YHUVLRQ
 FRPSXWHU SURJUDP )RXU UHSOLFDWLRQV ZHUH
VHWXS IRU HDFK WUHDWPHQW 'DWD ZHUH DQDO\]HG E\
DQDO\VLV RI YDULDQFH IRU UDQGRPL]HG FRPSOHWH EORFN
GHVLJQ XVLQJ 6$6  DQG PHDQV ZHUH FRPSDUHG
XVLQJ/6'PXOWLSOHFRPSDULVRQWHVWDW3
Experiment 2. $ VHFRQG REMHFWLYH ZDV WR DVVHVV
WKH SRWHQWLDO HIIHFW WKDW UKRGDPLQHIHHGLQJ PLJKW
KDYH RQ PRWK PRUWDOLW\ DQG TXDQWLI\ G\H GHWHFWLRQ
LQ PRWK ERGLHV $QRWKHU H[SHULPHQW ZDV FRQGXFWHG
WRDVVHVVWKLVHIIHFW
$ VHW RI VL[ FDUWRQ FRQWDLQHUV SHU WUHDWPHQW ZDWHU
VXFURVH RU  UKRGDPLQH VROXWLRQ ZLWK 
VDPHVH[ PRWKV HDFK SHU UHSOLFDWLRQ ZHUH VHWXS WR
IHHG IRU RQH WZR WKUHH RU IRXU FRQVHFXWLYH GD\V
6SRQJHV WKDW VXSSOLHG WUHDWPHQWV ZHUH UHZHWWHG
GDLO\ DQG UHPRYHG DIWHU WKH IL[HG QXPEHU RI GD\V 
  2QH UDQGRPO\ FKRVHQ FRQWDLQHU SHU WUHDWPHQW
ZDV UDWHG HDFK GD\ IRU VL[ FRQVHFXWLYH HYDOXDWLRQ
GD\V WR DVVHVV PRWK PRUWDOLW\    GD\V VKRZQ LQ
)LJXUHV  DQG  6XUYLYLQJ PRWKV LQ FRQWDLQHUV DW
HDFK HYDOXDWLRQ GDWH ZHUH IUR]HQ IRU GHWHFWLRQ
DQDO\VLV $ VXEVDPSOH RI  IUR]HQ PRWKV ZDV
WDNHQ DW UDQGRP IURP HDFK WUHDWPHQW  HYDOXDWLRQ
GDWH VDPSOH 7KLV H[SHULPHQW ZDV UHSHDWHG IRXU
WLPHVRQGLIIHUHQWGDWHV
5KRGDPLQH GHWHFWLRQ LQ IUR]HQ PRWKV ZDV
HYDOXDWHG E\ IRXU GLIIHUHQW PHWKRGV 7KH H[WHULRU RI
WKH PRWKV ZDV YLVXDOO\ LQVSHFWHG ,QVSHFWLRQ
Illustration 1. 5HIOHFWDQFHRIUKRGDPLQH%XWLOL]LQJWKHVDPH Heliothis virescens VSHUPDWRSKRUHDWWZRGLIIHUHQW
UHVROXWLRQVSHHGV6SHUPDWRSKRUHRQWKHOHIWQRQUKRGDPLQHWUHDWHGLVXVHGIRUFRPSDULVRQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661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 IRU VLJQV RI UKRGDPLQH UHG
FRORUDWLRQ ZLWKRXW WKH XVH RI D PDJQLI\LQJ JODVV RU
PLFURVFRSH 7KH VDPH PRWKV ZHUH H[WHUQDOO\
LQVSHFWHG XQGHU 89 OLJKW 6SHFWUROLQH & DW
 DQG  QP ZDYHOHQJWK ,QVSHFWLRQ 0HWKRG 
³89´ $IWHU PRWKV ZHUH LQVSHFWHG E\ PHWKRGV 
DQG  PRWK DEGRPHQV ZHUH FUXVKHG E\ KDQG RQWR
D ZKLWH SDSHU WRZHO WR REWDLQ LQWHUQDO IOXLGV 3DSHU
WRZHOV ZLWK DEGRPHQIOXLG VWDLQV ZHUH YLVXDOO\
LQVSHFWHG ZLWKRXW ,QVSHFWLRQ 0HWKRG  ³3DSHU´
DQG ZLWK ,QVSHFWLRQ 0HWKRG  ³3DSHU89´ WKH
XVHRI89OLJKWDQGQP,OOXVWUDWLRQ
7KH H[SHULPHQWDO GHVLJQ FRQVLVWHG RI D UDQGRPL]HG
FRPSOHWH EORFN 7UHDWPHQWV KDG D IDFWRULDO
VWUXFWXUH ZLWK  GD\V RQ UKRGDPLQH VXJDU VROXWLRQ
RU ZDWHU E\  PRWK HYDOXDWLRQ GD\V :KHQ GDWD
ZHUH DQDO\]HG FRPELQHG DFURVV PHWKRGV PHWKRG
ZDV D VXEXQLW WUHDWPHQW DQG WKH H[SHULPHQWDO
GHVLJQ ZDV D VSOLW SORW ZLWK WKH PDLQ XQLW GHVLJQ
GHVFULEHG DERYH 'DWD ZHUH DQDO\]HG ZLWK 3URF
0L[HG XVLQJ 6$6  6$6 ,QVWLWXWH  DQG
PHDQVZHUHFRPSDUHGXVLQJ/6'WHVWDW3
Results and Discussion
,GHDOO\ D PDUNHU VKRXOG QRW DGYHUVHO\ DIIHFW WKH
ELRORJ\ RI WKH LQVHFW +DJOHU DQG -DFNVRQ 
7KHUHIRUH WKH SRWHQWLDO GHWULPHQWDO HIIHFW RI
UKRGDPLQH RQ PRWK UHSURGXFWLRQ ZDV DVVHVVHG
7KH PDWLQJ VXFFHVV RI PDOHV DV GHWHUPLQHG E\ WKH
DYHUDJH QXPEHU RI VSHUPDWRSKRUHV IRXQG LQ WKH
EXUVD FRSXODWUL[ RI IHPDOHV DIWHU D IL[HG QXPEHU RI
PDVV PDWLQJ GD\V ZDV VLJQLILFDQWO\ ORZHU EHWZHHQ
PDOHV IHG VXJDU VROXWLRQ DQG WKRVH IHG UKRGDPLQH
3    GI    W   )LJXUH  ZKHQ PRWKV
FRSXODWHG IRU RQO\ RQH GD\ %XW WKH RSSRVLWH ZDV
IRXQG 3   GI   W   )LJXUH  ZKHQ
PRWKV ZHUH DOORZHG WR FRSXODWH IRU WZR GD\V 6LQFH
WKH WZR PDWLQJ VFHQDULRV GLG QRW RIIHU D FOHDU WUHQG
WKH GLIIHUHQFH PLJKW EH GXH WR H[SHULPHQWDO HUURU
DQG QRW WR DIIHFWHG EHKDYLRUDO DVSHFWV 7KH RWKHU
SRWHQWLDO GHWULPHQWDO DVSHFW RI PRWK UHSURGXFWLRQ
LQYHVWLJDWHG ZDV WKH DYHUDJH QXPEHU DQG SHUFHQW
KDWFKLQJ RI HJJV (JJ SURGXFWLRQ RYHU D GD\
SHULRG DQG IHUWLOLW\ E\ IHPDOHV WKDW ZHUH PDWHG ZLWK
UKRGDPLQHIHG PDOHV IRU RQH WR WKUHH GD\V ZDV QRW
VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ IHPDOHV PDWHG ZLWK
PDOHV IHG RQO\ VXFURVH VROXWLRQ )LJXUH  7KHVH
WZR SDUDPHWHUV PDWLQJ VXFFHVV DQG SHUFHQW IHUWLOH
HJJVIHPDOH LQGLFDWH WKDW PDOHV ZHUH QRW
VLJQLILFDQWO\ DIIHFWHG LQ WKHLU UHSURGXFWLYH SRWHQWLDO
DQG WKDW WKH YLDELOLW\ RI WKHLU RIIVSULQJ GLG QRW
GHFUHDVHZLWKWKHXVHRIUKRGDPLQH%
7KH SHUFHQWDJHV RI UKRGDPLQHVWDLQHG
VSHUPDWRSKRUHV  )LJXUH  DQG PDOHV WKDW
VKRZHG UKRGDPLQH DFFXPXODWHG LQ WKHLU DEGRPHQ
 )LJXUH  DLG XV LQ XQGHUVWDQGLQJ WKH
GLIIHUHQFH EHWZHHQ WKH QXPEHU RI PRWKV GULQNLQJ
WKH PDUNHU DQG LWV GHWHFWLRQ LQ VH[XDO EXQGOHV
'XULQJ IOXRUHVFHQWOLJKW LQVSHFWLRQ RI
VSHUPDWRSKRUHV IURP PDOH PRWKV WKDW IHG RQ
UKRGDPLQH VSHUPDWRSKRUHV FRXOG EH FOHDUO\




-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 1. $YHUDJHQXPEHURIVSHUPDWRSKRUHVH[WUDFWHGIURP Heliothis virescens IHPDOHVWKDWZHUHPDVVPDWHGIRURU
GD\VZLWKPDOHVIHGVXFURVHVROXWLRQRUUKRGDPLQH%IRUWRGD\V6DPHOHWWHUVRQEDUVE\GD\VPDWHGDUHQRW
VLJQLILFDQWO\GLIIHUHQWDW31 
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9RO_$UWLFOH Figure 3. )OXRUHVFHQWPLFURVFRS\GHWHFWLRQRIUKRGDPLQH%LQVSHUPDWRSKRUHVGLVVHFWHGIURP Heliothis virescens
IHPDOHVWKDWZHUHPDVVPDWHGIRURUGD\VZLWKPDOHVIHGWRGD\VUKRGDPLQHVROXWLRQ6DPHOHWWHUVRQEDUV
E\QXPEHURIGD\VPDWHGDUHQRWVLJQLILFDQWO\GLIIHUHQWDW316 1RWVLJQLILFDQWO\GLIIHUHQW1 
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 IURP WKRVH
QRQVWDLQHG QHJDWLYH UHVROXWLRQ ,OOXVWUDWLRQ 
,  7KH SRVLWLYH UKRGDPLQH UHVROXWLRQ 
REWDLQHG IURP VSHUPDWRSKRUHV GLVVHFWHG IURP WKH
IHPDOH EXUVD FRSXODWUL[ LQGLFDWHV WKDW WKLV LV D UDSLG
DQG HIILFLHQW ZD\ RI PDUNLQJ H. virescens PDOHV
7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV LQ WKH SHUFHQW
GHWHFWLRQ RI PDUNHG VSHUPDWRSKRUHV EHWZHHQ
PDOHV IHG IRU RQH WZR RU WKUHH GD\V DQG PDVV
PDWHG IRU RQO\ RQH GD\ +RZHYHU VLJQLILFDQWO\
ORZHU GHWHFWLRQ  RI VSHUPDWRSKRUHV RFFXUUHG
IURP PDOHV IHG WZR GD\V DQG PDVV PDWHG WZR GD\V
3!  GI   W   WKDQ PDOHV IHG IRU WKH
VDPH DPRXQW RI WLPH DQG PDVV PDWHG RQO\ RQH GD\
)LJXUH  D IDFW WKDW ZH DWWULEXWHG WR H[SHULPHQWDO
HUURU :H GLG QRW GHWHFW DQ\ IOXRUHVFHQFH LQ
VSHUPDWRSKRUHV RI PDOHV IHG RQ VXFURVH VROXWLRQ
7KHVH UHVXOWV LQGLFDWH WKDW LQFRUSRUDWLRQ RI WKLV
PDUNHU LQWR VSHUPDWRSKRUHV LV DFKLHYHG UDSLGO\
DIWHU RQO\ RQH GD\ ZLWK D VXFFHVV UDQJH RI

,Q RUGHU WR GHWHUPLQH WKH SURSRUWLRQ RI µIDOVH
QHJDWLYHV¶ SURGXFHG E\ WKLV WHFKQLTXH WKH
SHUFHQWDJH RI PRWKV WKDW GLG QRW LQJHVW WKH PDUNHU
QRU SDVV LW RQ WR VSHUPDWRSKRUHV ZDV HYDOXDWHG
6LPSOHU QRQGHVWUXFWLYH UKRGDPLQHGHWHFWLRQ
PHWKRGV VXFK DV REVHUYLQJ PRWKV H[WHUQDOO\
'HWHFWLRQ PHWKRG  UHIHUUHG WR DV ³YLVXDO´ LQ
)LJXUH  ZLWKRXW WKH DLG RI PDJQLILFDWLRQ VKRZHG
PRUH DFFXPXODWHG G\H QHDU WKH DQXV DQG WR D OHVVHU
H[WHQW RQ WKH H[WHULRU RI WKH PRXWK SDUWV $W OHDVW
KDOI RI WKH PRWKV VKRZHG YLVLEOH G\H VLJQV  GD\V
DIWHU H[SRVXUH WR UKRGDPLQH FHDVHG )LJXUH  7KLV
YLVXDO WHFKQLTXH \LHOGHG VLJQLILFDQWO\ ORZHU
UHVROXWLRQ ZKHQ DYHUDJHG RYHU DOO WUHDWPHQWV LQ
IHPDOHV  DQG PDOHV  DV FRPSDUHG
ZLWK FUXVKLQJ WKH PRWKV RQ SDSHU WRZHOV )LJXUH 
$QRWKHU GHWHFWLRQ PHWKRG LQYROYHG WKH VDPH
YLVXDOO\LQVSHFWHG PRWK VDPSOHV EXW QRZ LQVSHFWHG
XQGHU XOWUDYLROHW OLJKW 'HWHFWLRQ PHWKRG 
UHIHUUHG WR DV ³89´ LQ )LJXUH  ZKLFK REWDLQHG
VLJQLILFDQWO\ KLJKHU UHVROXWLRQ LQ IHPDOHV DQG D
VLJQLILFDQWO\ ORZHU UHVROXWLRQ LQ PDOHV ᥜ3  
W   GI   ᥞ3   W   GI   WKDQ
YLVXDO LQVSHFWLRQ $OWKRXJK WKHVH WZR WHFKQLTXHV
FDQ EH XVHG ZLWK OLYH PRWKV WKH\ SURGXFHG
VLJQLILFDQWO\ ORZHU UHVROXWLRQ SHUFHQWDJHV WKDQ WKH
LQVSHFWLRQRIDEGRPLQDOFRQWHQWV
&UXVKLQJ PRWK DEGRPHQV RQ D ZKLWH SDSHU WRZHOV
'HWHFWLRQ PHWKRG  UHIHUUHG WR DV ³3DSHU89´ LQ
)LJXUH  VKRZV JUHDWHU FRQWUDVW EHWZHHQ D
UKRGDPLQH DQG VXFURVH VROXWLRQ IHG PRWK
,OOXVWUDWLRQ  $OWKRXJK WKLV KLJK GHWHFWLRQ 
GHWHFWLRQ LQ PDOHV  LQ IHPDOHV EXW





-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH GHVWUXFWLYH PHWKRG PDGH UKRGDPLQH VWDLQV
VLJQLILFDQWO\ PRUH LGHQWLILDEOH LQ ERWK VH[HV WKDQ
H[WHUQDO LQVSHFWLRQ ᥞ3  W   GI  
ᥜ3  W  GI   :H QRWLFHG WKDW KDQGOLQJ
PRWKV E\ KDQG DQG QRW ZLWK WZHH]HUV PDGH WKHP
GHIHFDWH DQG UKRGDPLQH ZDV SUHVHQW LQ WKHVH
H[FUHWLRQV
(YDOXDWLQJ PRWKV FUXVKHG RQ SDSHU WRZHOV PHWKRG
 XQGHU XOWUDYLROHW OLJKW 'HWHFWLRQ PHWKRG 
UHIHUUHG WR DV ³3DSHU89´ LQ )LJXUH  GLG QRW
LPSURYH SLJPHQW GHWHFWLRQ +RZHYHU LW GLG
IDFLOLWDWH GLIIHUHQWLDWLRQ EHWZHHQ UKRGDPLQH DQG
UHG FRORUDWLRQ SURGXFHG E\ WKH EDFWHULD Serratia
VS D FRPPRQ SDWKRJHQ RI H. virescens
6LNRURZVNL DQG /DZUHQFH  7KHUHIRUH WKH XVH
RI XOWUDYLROHW OLJKW WR FRQILUP WKH SUHVHQFH RI G\H LV
UHFRPPHQGHG GXH WR WKH IDFW WKDW WKLV EDFWHULXP
XQOLNH UKRGDPLQH GRHV QRW IOXRUHVFH XQGHU
XOWUDYLROHW OLJKW 0HWKRG  ZDV XVHIXO IRU GHWHFWLQJ
G\HLQJHVWLRQDQGUHWHQWLRQLQPRWKV)LJXUH
)HHGLQJ PRWKV ZLWK WKLV G\H VROXWLRQ UHVXOWHG LQ
VLPLODU PDUNLQJ SHUFHQWDJHV DV WKRVH REWDLQHG E\
6SDUNV DQG &KHWKDP  ZLWK WKH LQMHFWLRQ RI
UKRGDPLQH GLUHFWO\ LQWR WREDFFR KRUQZRUP PRWKV
+RZHYHU XQOLNH WKHVH DXWKRUV UHSRUWHG ZH GLG QRW
GHWHFW UKRGDPLQH LQ WREDFFR EXGZRUP
VSHUPDWRSKRUHVZLWKWKHXVHRI89OLJKW
5KRGDPLQH % GLG QRW VLJQLILFDQWO\ UHGXFH WKH OLIH
VSDQ RI HLWKHU VH[ LQ WREDFFR EXGZRUP ᥞ3  
  DQG  ᥜ3     DQG 
ZKHQ IHG IRU RQH WR IRXU GD\V UHVSHFWLYHO\ )LJXUHV
 DQG  7KHUH ZDV RQO\ D VLJQLILFDQW GLIIHUHQFH LQ
PRUWDOLW\ EHWZHHQ IHPDOHV IHG WKUHH GD\V VXFURVH
VROXWLRQ DQG ZDWHU 3   W  GI  )LJXUH 
7KH WUHQG WRZDUGV KLJKHU PRUWDOLW\ DV IHHGLQJ GD\V
LQFUHDVHG ZLWK WKH WKUHH WUHDWPHQWV PLJKW EH
DWWULEXWHG WR QDWXUDO PRWK PRUWDOLW\ DQG QRW WR DQ\
DGYHUVH HIIHFW RI WKH G\H VXJJHVWLQJ WKDW WKLV G\H
GRHV QRW UHGXFH WKH OLIHVSDQ RI HLWKHU VH[ LQ WKLV
PRWK %HFDXVH UKRGDPLQH FDQ EH GHWHFWHG LQ
VSHUPDWRSKRUHV DQG LQVHFW ERGLHV DIWHU RQO\ RQH
GD\ RI H[SRVXUH WKLV PLJKW UHGXFH XQQHFHVVDU\
UKRGDPLQHIHHGLQJ WLPH WKXV DOORZLQJ PRUH GD\V
WRSHUIRUPGHVLUHGH[SHULPHQWV
&RVW DQG HDVH RI XVH DUH LPSRUWDQW DWWULEXWHV IRU D
PDUNHU +DJOHU DQG -DFNVRQ  7KH FRVW RI WKLV
G\H IRU SURGXFLQJ D OLWHU RI UKRGDPLQHWUHDWHG
VXFURVH VROXWLRQ DW WKH WHVWHG FRQFHQWUDWLRQ ZDV
  SULFHV DQG RQH OLWHU RI WKLV VROXWLRQ
ZDV VXIILFLHQW IRU PDUNLQJ  PRWKV
$GGLWLRQDOO\ WKLV PHWKRGRORJ\ LV HDV\ WR
LPSOHPHQW DQG GRHV QRW UHTXLUH DQ\ VSHFLDO VNLOO
VXFK DV LQMHFWLQJ WKH G\H LQWR WKH PRWK¶V ERG\
6SDUNV DQG &KHDWKDP  RU VSHFLDO VSUD\LQJ
HTXLSPHQW WR PDUN WKH PRWKV H[WHUQDOO\ -RQHV HW
DO  +RZHYHU IRU D YHU\ VPDOO PRWK VDPSOH
WKLV SURFHGXUH LV OHVV HIILFLHQW DQG LW ZRXOG WDNH
ORQJHU   GD\ DV FRPSDUHG ZLWK LQMHFWLQJ RU
VSUD\LQJ D PDUNHU DOWKRXJK QR VKRUWHU UKRGDPLQH
H[SRVXUH LH   K ZDV LQYHVWLJDWHG WR
RYHUFRPH WKLV PLQRU GLVDGYDQWDJH +RZHYHU
IHHGLQJ UKRGDPLQH FDQ EH H[WUHPHO\ XVHIXO IRU
PDUNLQJ KXQGUHGV RI PRWKV DW RQFH 7KLV WHFKQLTXH
DOORZV WKH UDSLG LQFRUSRUDWLRQ RI D G\H ZLWKRXW
LQWHQVLYH ZRUN DQGRU QXPHURXV DQG VNLOOHG
UHVHDUFK SHUVRQQHO LW KDV D UHODWLYHO\ ORZ FRVW DQG
Figure 6. &XPXODWLYH Heliothis virescens PDOHPRUWDOLW\DIWHUIHHGLQJRQZDWHUVXFURVHVROXWLRQRU
UKRGDPLQH%VROXWLRQIRUGD\V1 
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 7. &XPXODWLYH Heliothis virescens IHPDOHPRUWDOLW\DIWHUIHHGLQJRQZDWHUVXFURVHVROXWLRQRU
UKRGDPLQH%VROXWLRQIRUGD\V1 
FDQ EH DSSOLHG WR DQ\ QXPEHU RI PRWKV ,W DOVR
RYHUFRPHV WKH SRWHQWLDO HIIHFW WKDW ORQJWHUP
PDQLSXODWLRQ RI ILHOGFROOHFWHG LQVHFWV LH UHDULQJ
ODUYDH LQ DUWLILFLDO GLHW XQGHU ODERUDWRU\ FRQGLWLRQ
PLJKW KDYH LQ UHSURGXFWLRQ DQGRU EHKDYLRU RI
PRWKV 2QH WR WKUHH GD\V RI IHHGLQJ UKRGDPLQH WR
H. virescens ZKLOH WKH PRWKV PDWXUH VH[XDOO\ IRU
H[DPSOH LV DOO WKDW LV UHTXLUHG WR REWDLQ D UHOLDEOH
VSHUPDWRSKRUHPDUNHU
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